With the increasing attention on the environmental consequences of the burning of fossil fuels and the expected increase in the oil price, there is a growing interest in the energy efficiency for transport industries. The minimization of the structural weight has a large effect on the energy efficiency, fuel consumption and environmental emissions. The 'lightweight design' philosophy is essential in the transportation industries (automotive, aerospace, railway and shipbuilding industries). The application of an appropriate design procedure, based on optimization criteria, enables weight reduction and energy efficient improvement. Thus, new materials and technologies have been adopted, and in particular, sandwich materials have been widely used in weight-sensitive structures in the last years. In order to meet the growing request of lighter vehicles and ships, the transport industry is engaged in the design and construction of structures quite different from the traditional ones, and as a consequence, a lack of experiences concerning the strength of many structural details and the joining technologies has become apparent. A wide use of lightweight materials and structures requires that all differences with respect to the traditional ones be adequately accounted for. Within such a context, there is a need for new research activities for providing the designers of lightweight structures with new reliable data and to acquire a better knowledge concerning their fatigue and impact behaviour. Driven by this context, we have planned to produce this Special Issue on 'Lightweight design in transportation engineering'. This Special Issue contains 13 contributions of authors coming from seven countries, which were accepted after a peer review process.
Most contributions were submitted to honour Giovanni Belingardi, a professor at the Politecnico di Torino and a prolific researcher in the design and analysis of lightweight automotive structures, on the occasion of his 65th birthday.
The high-quality contributions provide original ideas and new approaches, with clear indication of the advances with respect to existing results.
The aim of this special issue is to provide an international forum for scientists and practising engineers to present the theoretical and experimental advancements in the lightweight design of materials and structures used in transportation engineering, addressing a comprehensive overview of the state-of-the-art, challenges and future trends. The achievement of this initial purpose is confirmed by the several countries of the authors (Italy, France, Poland, UK, China, South Africa, USA).
This special issue offers an attractive selection of recent and modern findings devoted to some smart solutions of challenges and problems in lightweight design of materials and structures and their applications in transportation engineering.
The topics addressed in this Special Issue cover a broad range of research issues that directly influence the research and development activities in the field of lightweight design. They include the following main topics:
. Additive manufacturing of lightweight materials, . Impact testing of lightweight composite materials, . Energy-absorbing and lightweight devices, . Joining technologies for lightweight structures, . Fatigue testing of lightweight materials, . Lightweight design of components for train structures and machinery applications and . Moisture sorption in CFRP material used for aircraft structural parts.
The transportation industry is particularly concerned with the necessity of increase vehicles crashworthiness, in order to improve occupants' safety and satisfy legislative requirements. The demand for crashworthy structures is often combined with the necessity of reducing the weight of structures and vehicles, in order to limit fuel consumption. The solution to both issues is the adoption of lightweight structures with high energy absorption capabilities.
Thus, one of the main focuses in transportation engineering is the application of sandwich materials in order to create safer and efficient vehicles.
Guest Editors present the application of 3D computed tomography for analysing the impact responses of lightweight sandwich panels with micro-lattice core, manufactured using Ti6Al4V powder by means of Additive Manufacturing technology. Experimental and theoretical results proved that lightweight sandwich panels with micro-lattice cores are excellent energy absorbers, and therefore, they could have significant applications in the transportation industry.
The impact behaviour of lightweight composite materials was investigated in other papers of this Special Issue. Fibre-reinforced composite materials are widely used for structural applications in many transportation engineering fields (aerospace, marine, automotive and railway). An effective design of absorbers, made of lightweight composite materials, requires extensive knowledge of their mechanical response under impact loading conditions.
Belingardi et al. investigate the thickness effect on the damage tolerance of glass/epoxy laminates, subject to repeated impacts.
The effect of stitching on the post-impact flexural performance of thin carbon/epoxy laminates is addressed by Francesconi and Aymerich.
Some relevant advances in the design of lightweight structures are related to the adoption of new materials in replacement for traditional materials. In the last years, the use of thermoplastic composites has been increased due to the considerable advantages in terms of their recyclability. Boria and Scattina present the results of low-velocity impact tests on laminates made out of a new thermoplastic composite.
Another innovative and lightweight material used for transportation structures is GLARE (GLAss REinforced), a fibre-metal laminate consisting of thin layers of metal alloy and glass fibre-reinforced polymer composite. Langdon et al. analyse the influence of interfacial bonding on the response of lightweight GLARE panels to air-blasts.
Wood, an eco-material, is the most widely used industrial raw material in the world. It is used as shock absorber in various transport applications. Wouts et al. deal with the experimental investigation on wood under high impact loading by means of a split Hopkinson pressure bar system.
The amount of energy which can be absorbed in structural systems and energy-absorbing devices are important for studies in the structural crashworthiness field and safety calculations in many areas. The energyabsorbing effectiveness factor, a dimensionless factor obtained by the ratio between the energy absorbed in a structural system with the total potentially available elastic and plastic strain energies, is discussed by Jones to study the behaviour of tubes with different cross-sectional shapes subjected to axial static and impact loadings. It is observed that the tubes with multicellular cross-sections offer improved energyabsorbing capacity compared with single cell tubes.
Joining light materials, even different, is very important in automotive field. Adhesive bonding can be used to join many materials, light composite materials included, and so they represent a potential way to lighten vehicle weight for fuel efficiency and reduction of emission. A wide variety of adhesives is currently available, and structural and non-structural adhesives are largely adopted. The paper of Ciardiello et al. concerns the investigation of the mechanical properties of a hot-melt adhesive by means of single lap joint test.
Some papers of this Special Issue present the fatigue testing on lightweight metals.
Aluminium alloys are important lightweight materials and are used in aircraft structures. However, the weight minimization of the aluminium alloys result in more flexible aircraft structures, which are more sensitive to dynamic effects in service and consequently to possible fatigue collapse. Fan et al. deal an energy method, based on the thermographic technique, for a rapid assessment of the macro-and micro-scale behaviour of aluminium alloy in high cycle fatigue.
Boron´ski et al. analyse fatigue crack growth for compact tension specimens, which are explosively welded AA2519-AA1050-Ti6Al4V-layered materials used for aerospace structures. Explosion welding is one of the most performing solutions to join dissimilar metallic materials. The fatigue tests were carried out for two temperature conditions: ambient temperature (293 K) and under cryogenic conditions at the temperature of liquid nitrogen (77 K).
The lightweight design of components for train structures and machinery applications is addressed by Lipski et al. and Croccolo et al., respectively. The paper of Lipski et al. concerns the weight reduction of train bogies subjected to fatigue loading and presents full scale fatigue tests. The authors propose a new methodology for reducing the weight of the bogie and the number of fatigue tests.
Croccolo et al. deal with the failure analysis and consequent design tips regarding a pinion shaft belonging to a differential gear for off-road machinery applications, namely wheel loaders. The motivation of the study arises from some in-field failures, which resulted in the fracture of the pinion shaft, originated at an external groove located at the end of its threaded portion.
The application of carbon fibre-reinforced polymer for the production of aerospace components has great potential for decreasing their weight. One of the difficulties of the application CFRP composites as material for aircraft structural parts (like turbo-engines) is the residual stresses due to changing of temperature and moisture absorption. Gigliotti et al. study moisture sorption in CFRP material used for aircraft structural parts. They focus on the employment of a global-local approach for the simulation of moisture induced swelling and stress in a 2D textile carbon fibre/epoxy matrix composite material. The approach is based on the construction of a robust image-based finite element model built starting from X-ray microtomography scans of a repetitive unit cell of the textile material.
We really hope that readers of the Journal of Mechanical Engineering Science will enjoy reading this collection of high-quality scientific contributions.
